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Introduction
The honest signaling function of secondary sexual ornaments has been well established in a 23 colour through thin-film interference (Maia et al., 2009; Prum, 2006) . The mechanisms 67 promoting the condition-dependence of iridescent plumage remain poorly studied (Doucet and 68 Meadows, 2009; Maia and Macedo, 2011) , and nanostructural differences leading to among-69 individual variation in colouration has been almost completely overlooked (but see Doucet et 70 al., 2006) . In satin bowerbirds (Ptilonorhynchus violaceus), a species in which structural colours 71 are produced by the same nanostructural mechanism, the hue of the feather is associated with 72 the average thickness of the keratin layer (Doucet et al., 2006) , which is influenced by the size, 73 quantity, and homogeneous distribution of melanosomes during feather keratinization (Maia et 
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In this study, we investigated whether the quality of mantle plumage colouration in 83 after-second-year (ASY) female tree swallows reflects past or current year baseline plasma 84 CORT. Using data collected over three years, we specifically test (1) the relationship between 85 circulating CORT near the end of the brood rearing period (CORTBR) and feather colour 86 characteristics (hue, saturation, brightness) the following year, and (2) the relationship between 87 circulating CORT measured during the incubation (CORTI) and brood rearing period (CORTBR), 88 and feather colour in the same year (Figure 1) . We predicted that individuals with higher baseline CORTBR would subsequently produce lower quality plumage, and that CORTI and CORTBR 90 levels would be negatively correlated with current-year plumage quality attributes. The tree swallow is a Neotropical migrant passerine that breeds across most of North America 95 (Winkler et al., 2011) . While second-year (SY) females possess dull grey plumage, males and ASY 96 females bear iridescent upperparts which range in colour from green to blue among individuals 97 (Hussell, 1983a) . Delayed plumage maturation has been demonstrated to reduce conspecific 98 aggression towards SY females during territorial intrusions, an adaptive trait in a species for 99 which nest site competition is very high (Coady and Dawson, 2013 (Beck et al., 2015) compared to greener males. In females, bluer feathers are associated with 106 older females and greater fledging success , and plumage brightness is 107 positively correlated with total clutch egg mass . Furthermore, plumage 108 colouration seems to play an important role in intersexual interactions as there is assortative 109 mating based on plumage brightness , and individuals paired with greener 110 mates (indicative of lower quality) feed their own nestlings at a greater rate (Dakin et al., 2016) .
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In general, tree swallows produce a single brood per season (Winkler et al., 2011) . They 112 are semi-colonial secondary cavity nesters that breed readily in artificial cavities and are highly philopatric (Winkler et al., 2004) , which has made them an ideal study species for inter-annual 114 investigations (Jones, 2003) . In southern Ontario, breeding generally occurs from late April to 115 mid-July and is usually immediately followed by moult (though moult can begin before nestlings 116 fledge; see Hussell, 1983b) . This complete prebasic moult begins with primary 1 and proceeds 117 outward with body moult beginning with the back, breast, and belly regions when primary 2 to 4 118 are actively being replaced (Stutchbury and Rohwer, 1990) . Moult continues through migration 119 and is normally completed by mid-November (Stutchbury and Rohwer, 1990 ).
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We studied two populations of tree swallows ~4 km apart in Haldimand County, 
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We captured ASY females inside their nest boxes during late incubation (10 days CORTBR) through puncture of the brachial vein (less than 10 % of total blood volume i.e., < 150 138 µl). We collected all blood samples between 0800 and 1200 hr to control for diel variation in 139 CORT levels, and obtained all samples within two minutes of capture to ensure sampling of 140 circulating baseline levels (Romero and Reed, 2005) . Blood samples were stored on ice for up to 141 five hours prior to centrifugation to separate plasma. Plasma samples were stored at -80° until 142 assay. In 2012 and 2013, we also obtained five to six mantle feathers from each female during Five mantle feathers from each individual were overlaid as naturally found on a live bird and 159 secured onto low-reflectance black velvet. Surface reflectance data was acquired using a Florida, USA) combined with a bifurcated fibre-optic probe. The probe was fitted with a rubber 162 stopper at the tip to exclude ambient light, standardize the distance between the probe and the 163 feathers, and allow each measurement to be taken at 90° from the surface (normal incidence).
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Five measurements were obtained from each sample; spectral data were recorded for 
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Variance explained by the best fitting models was calculated using marginal and conditional R 2 204 (Nakagawa and Schielzeth 2013) using the 'rsquared' function in the R package 'piecewiseSEM' 205 (Lefcheck, 2016) .
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To investigate the predictive value of plumage characteristics on CORTI and CORTBR 207 levels, we compared linear models using measures of plumage characteristics, condition, and 208 CORT collected within the same year (2012 only). For each of the two CORT measures we compared a set of candidate models that all included in various combinations at least one of the 210 three plumage characteristics (hue, brightness, chroma). In half of the models, two measures of 211 condition, laying date (Verhulst and Nilsson 2008) and body mass, were also included. The 212 regression of mass over wing length was also not significant for this group of females 213 (incubation mass: p = 0.08; brood rearing mass: p = 0.20). All sets of models included a global 
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When investigating the relationships between CORTBR levels and plumage characteristics 219 following moult, we used 37 observations obtained from 33 different females (four females 220 captured in both years). To satisfy assumptions of normal distribution, we log-transformed 221 CORTBR. We treated clutch size as an ordinal factor, including only nests that had between four 222 and seven eggs to avoid strong imbalance in sample size between groups. Before comparing 223 models, we ensured that they did not suffer from multicollinearity of independent factors 224 through the calculation of variance inflation factors (VIFs). The set of models that best fit the 225 data for plumage brightness and chroma had the intercept-only model indicating that none of 226 the models fit the data well ( Table 1) 
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When investigating the relationships between our two corticosterone measures (CORTI 232 and CORTBR) and same year plumage characteristics, we used 32 observations, all from different females. CORTI and CORTBR were log transformed, only nests that included between four and 234 seven eggs were used, and clutch size was treated as an ordinal factor. We also ensured that our 235 models did not suffer from multicollinearity. The set of models that best fit the data for CORTI 236 included the intercept-only model indicating that none of our models fit the data well ( Table 2) .
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In contrast, two models fit the data for CORTBR. The first model included brightness, female body 238 mass and clutch size as predictors (adjusted R 2 : 0.27); the second included brightness, hue, 239 female body mass and clutch size (adjusted R 2 : 0.27; Table 2 ). We calculated the parameter 
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Unlike these previous studies, our research failed to find any relationship between CORTBR and 274 subsequent plumage colouration. However, it is important to note that all studies presented 275 above were experimental in design, whereas we did not manipulate the reproductive effort of 
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2016a). Therefore, we believe it is possible that females with elevated CORT at the end of the 297 nestling provisioning stage could continue to experience elevated CORT during the moult period, 298 which occurs immediately following the cessation of breeding (i.e., females that find one stage 299 energetically-demanding may also face higher physiological stress in subsequent stages).
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If the production of quality plumage is important for females, as would be implied by in feather colour characteristics were non-random in such a way that higher quality feathers 321 were more likely to be degraded, a relationship between CORTBR and feather quality the 322 subsequent year would be more difficult to detect. However, it may be more likely that 323 individuals that produced high quality plumage can allocate more energy to feather 324 maintenance, thus reducing degradation, which would increase the perceived effect of CORTBR 325 on feather quality.
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Finally, our inability to accurately age females may have added confounding variation to 327 our study. Since reproductive investment and reproductive success are influenced by age in tree swallows (Robertson and Rendell, 2001) , and that these factors (including age) have been 329 associated with plumage colouration , it may be 330 difficult to disentangle the relationships between reproduction-induced stress, age, and 331 plumage attributes without specific age information. For instance, it is possible that younger 332 females have more difficulty managing stress or energetic demand than older females 333 (Wingfield and Sapolsky, 2003) , which could lead to relationships between plumage traits and 395 Perez et al., 2016; Schoenemann and Bonier, 2018; Taff et al., 2018) . In an attempt to best 396 capture a temporally valid measure of stress, we collected blood samples to assess baseline 397 plasma CORT during the incubation period and during the brood rearing period. This allowed us 398 to compare the plumage characteristics to the most relevant levels of CORT: CORTBR to plumage 399 traits produced soon after leaving the nest, CORTI to plumage colouration upon arrival at the breeding site. However, we did not find any relationship between CORT levels and plumage 401 traits in female tree swallows. While multiple explanations can be invoked to rationalize our 402 findings, the interpretation of our results is difficult because there is a lack of studies 403 investigating the link between CORT and the production of ornaments in females, and a paucity 404 of studies investigating the link between CORT and the production of structural colouration, 
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Conservation Authority, and Habitat Haldimand for access to field sites. We also thank three 414 anonymous reviewers for helpful comments on the manuscript. 731 Table 1 . Summary of the linear mixed models that best fit the data when investigating the 733 relationship between baseline corticosterone sampled during the brood-rearing period (CORTBR) 734 in year X and plumage characteristics sampled in year X+1 (these feathers would have grown in 735 shortly after brood rearing when corticosterone was sampled the previous year). All 
